to recover from anesthesia before recordings were taken. All cats had good decerebrate rigidity. After placement of the animals in a supine position, one phrenic (Phr) and one recurrent laryngeal (Lar) nerve were dissected free, desheathed, and sectioned. The central ends of the nerves were placed on bipolar hook electrodes, and the nerves were immersed in a pool of mineral oil through which 5 % COZ-95 % 02 had been bubbled. Arterial blood pressure was monitored and remained at adequate levels (150-100 mmHg systolic). Rectal temperature was maintained at 36-38°C by a heating lamp. The animals had eupneic breathing patterns similar to those seen in awake resting cats; thus the section of one phrenic nerve did not seem to impair ventilation, which was adequately maintained by activity in the intact phrenic nerve and by intercostal activity.
Nerve Recordings

Recordings
(amplifier band pass, 80-10,000 Hz) were taken from the central ends of the phrenic and recurrent laryngeal nerves. Integrated signals were then obtained after further amphfication, half-wave rectification, and passage through a leaky integrator circuit (7). The integrated phrenic signal was further processed to obtain pulses marking the start of the inspiratory (I) and expiratory (E) phases (8). All data were recorded on magnetic tape.
Resfiira tion Recording
In spontaneously breathing animals, respiratory motion was monitored by recording the pressure excursions in a chest pneumograph, using a Statham P23BB transducer.
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In paralyzed, artificially ventilated cats, the airway pressure changes produced by the ventilation pump were measured through a side tube attached to the tracheal cannula.
Data Processing
The discharge patterns of the whole-nerve recordings were analyzed with an average response computer (CAT 1000). The nerve potentials, after half-wave ret tification, were summed in computer sweeps triggered by either the I or E pulses; thus the resultant wave forms showed the average density of discharge in time relation to the start of the I or E phase. In order to process activity which preceded the trigger pulses, the nerve signals were delayed (usually by 100 or 200 ms) by passage through a digital delay circuit. Thus when a delayed signal was summed in computer sweeps triggered by the undelayed pulses, the activity that originally preceded each pulse was passed into the earlier bins of the sweep, and the resultant wave form then showed both pre-and posttrigger activity. The Ccadd-subtract" feature of the computer was used to ascertain the change of activity produced by a test procedure; the method used was to subtract activity in 12 control cycles from activity in n test cycles. The computer memory contents were read out in digital form to a printer and in analog form to an inkwriter or X-Y recorder. Further details of differences in pattern between the two Wave form of inspiratory burst. After the initial onset of activity, Lar discharge increased rapidly to reach a maximum. In the case shown in This phenorxnon is shown in the summed activitv wave forms of Fig. 2 . As was usual in paralyzed cats, the respiratory cycle had lengthened due to the dissociation bet.ween the central respiratory cycle and lung expansion, the latter now being independently produced by the pump (10). In state A (top), the central respiratory cycle was locked in a 1: 1 relation to the pump cycle. It can be seen that after the decay of the Lar I burst, another distinct burst occurred. The expiratory character of the latter burst is confirmed by its inverse relation to residual Phr discharge during the early E phase. The small Lar E burst started only after Phr discharge had decayed to almost zero level, it reached a peak during Phr inactivity, and finally the residual Phr burst ensued only after the Lar E burst had started to decay. In state B (bottom), which ensued spontaneously after the recordings taken in state A, the Lar E discharge became very prominent and continued for almost all the E phase, while slowly decaying.
In this state, the respiratory cycle had further lengthened, every central respiratory cycle now being locked to every two pump cycles, and the I bursts in both Phr and Lar nerves were greatly increased. The associated drastic increase in Lar E activity can probably be explained as a rebound phenomenon consequent to the increased I discharge (10). Lar activity had a moderately augmenting pattern, its rate of rise was much less than the rate of rise of Phr activity (cf. Fig. 2) .
Q&t of inspiratory burst. The Phr burst terminated more sharply than the Lar I burst. At the end of the plateau or slowly declining phase of Lar activity, the point of inflection for rapid activity decline was approximately coincident with the inflection point in Phr activity. However, it took a much longer time for Lar discharge to decline to its baseline activity level in the E phase than it took for Phr activity to decline to silence. This phenomenon is more apparent in summed activity time-locked to the E pulse (as in Fig. 6 ) than in activity locked to the I pulse; since, in the latter wave forms, "smearing" was produced by statistical dis-OCCL. AT MIN. LUNG VOL.
Phr. Fig. 3 .
The occlusion at minimum lung volume (Fig. 3 , top) was started by the I pulse and maintained for the duration of the I phase, thereby preventing the lung expansion ordinarily produced by I muscle contraction. During such an occlusion, there is only a very minor change in pulmonary stretch receptor discharge, due to slight lung decompression produced by inspiratory effort against the closed airway (24). The almost complete elimination of normally occurring afferent discharge reflexly produced lengthening of the I phase and increase of the peak amplitudes of both Phr and Lar discharge.
The occlusion was released at the start of the E phase, and it can be seen that the immediate postocclusion E pha se was longer th .an the control E phase. The occlusi .on at m .aximum lung volume (Fig. 3, bo mm) was started by the E pulse and maintained for the duration of the E phase, thereby keeping the lung in its end-inspiratory position and maintaining a high level of pulmonary stretch receptor discharge.
The resultant reflex effects were lengthening of the E phase (with maintenance of Phr silence during the E phase) and an increase of Lar tonic activity occurring during this phase (as shown by the upward deflection in the integrated trace)* The occlusion was released at the start of the I phase, and it can be seen that during the immediate postocclusion I phase (which was longer than the control I phase) the amplitudes of both the Phr and Lar discharges were increased in comparison to control levels.
These changes were all mediated by vagal afferent input, since after bilateral vagotomy similar occlusions produced no effects.
The changes of respiratory-phase duration produced bv the two kinds of occlusion in the population studied (i4 decerebrate cats) are shown in Ta&eA 1. The median duration of the control respiratory cycle was 1.7 s (I duration, 0.7 s; E duration, 1 .O s). The effects of occlusion are shown by the ratios of occlusion-phase duration to controlphase duration.
Occlusion at minimum lung volume In addition, Table I shows the secondary effects which occurred during the immediate postocclusion phases : both the E phase following the occluded I phase (Fig. 3,  tub) and the I phase following the occluded E phase (Fig. 3 , bottom) were lengthened in duration compared to the control phases. These secondary effects have been explained as rebound phenomena (10, p. 371-372). The relationship between the durations of the I3 and I phases for each cat (n = 14) is shown in Fig. 4, both prolongation of the gradually augmenting Phr discharge; but strikingly, there was no change in the rate of increase (slope) of Phr discharge throughout all of the prolonged I burst. This phenomenon is apparent from the parallel rise of the control and occlusion wave forms (t@) ; and it is shown even more convincingly in the wave form of occlusion-minus-control activity (bottom), which remained
Aat for a time corresponding to the control I phase. The latter wave form started to rise only in the prolonged portion of the I phase, i.e., in the time equivalent to the difference between occlusion and control I-phase durations. In other cats, the Phr activity slope during occlusion started to incrase above that during the control state (i.e., the occlusion-minus-control trace began to lose its flatness) at a time equivalent to about two-thirds of the control I-phase duration; but the magnitude of this increase was small compared to total Phr activity. The position of this point of inflection ranged (in eight cats) from 60 to 100 % of the control I-phase duration, with the median value being 80 %.
Thus, occlusion at minimum lung volume produces no change in the augmentation pattern of Phr discharge for most or all of the time equivalent to the control I-phase duration; therefore, the disinhibitory effect of this occlusion is prolongation of the duration of Phr discharge without change in the basic discharge patternIn contrast, the effect on Lar discharge of occlusion at minimum lung volume was to produce disinhibition at a much earlier time in the I phase. As shown in Fig. 5 (httom), the trace of Lar occlusion-minus-control activity started to increase almost at the start of the I phase (exact measurement being difficult because of variability in the trace). Indeed, average Lar activity during the I phase was converted by occlusion from a plateaulike pattern to an augmenting pattern (Fig. 5, middle) . This result indicates that normally vagal afferent inhibition of Lar discharge is operative almost from the start of the I phase. The traces of Fig. 5 display the average of 40 occlusion tests; in other cats (four cases), in which only lo-20 tests were done, it was more difficult to discern the point of inflection (start of increase) in the occlusion-minus-control trace. But in all these cases, the inflection points were easily discernible at times of ZOO-300 ms preceding the inflection points in the Phr occlusion-minus-control traces. The effects on Phr and Lar discharge of occlusion at maximum lung volume during the E phase are shown in Fig. 6 . The classically observed response, prolongation of the E phase, is accompanied by no change in the normally occurring Phr silence. However, the effect of this occlusion is to increase somewhat the tonic Lar discharge occurring during the E phase; this response is apparent in the trace as a slow rise of activity level during the prolonged E phase. The response is similar to that observed by Bartlett et al. (Fig. 6 in ref. 3) 
DISCUSSION
In the present study, whole-nerve recordings of efferent phrenic and recurrent laryngeal discharge have been used to compare the functional properties of the two neuronal populations.
This approach rests on the assumption that there is some degree of homogeneity within each population, and it must therefore be complemented by observations on individual neurons. In studies of individual Phr motor fibers (16, 19 , 22, 23) it was found that their activity generally has an augmenting pattern, with discharge frequency increasing in an approximately linear fashion as the inspiratory phase progresses. In addition, some of these fibers start to discharge only after a delay from the start of the Phr burst (16) . It is apparent then that summation of activity of many fibers will produce an augmenting pattern in the whole-nerve recording.
Several studies have been devoted to activity of individual Lar motor fibers or motor units (1, 2, 5, 13, 14, 17, 18, 20, 2 1, 27). Three types of discharge pattern have been reported: 1) inspiratory, 2) expiratory, 3) tonic with inspiratory modulation (higher discharge frequency during I). Examination of I-units' discharge patterns in published figures reveals that some units had approximately constant discharge frequency throughout the I phase, while others had augmenting discharge patterns-Therefore, depending on which members of the population are firing under different conditions, summated Lar activity could be either plateaulike in pattern (as in Fig. 1 ) or augmenting in pattern (as in Fig. 2, stale B) .
The patterns of mechanical change produced by the diaphragm and the Lar muscles resemble the summated activity patterns in the Phr and Lar nerves, respectively. Thus, augmenting Phr discharge (together with similar discharge in external intercostal nerves) results in gradual chest expansion, as monitored in the chest pneumogram, whose temporal pattern closely resembles that of Phr discharge (Fig. 1) . This pattern has the obvious function of overcoming the increa:Lng elastic recoil of chest and lung during the I phase bv means of gradual increase of I muscle contraction.
The effect of the Lar I discharge is to open the glottis during I. The temporal pattern of glottis dilatation has been monitored in Lar pressure recordings (3, 4). Lar pressure has a trapezoidal wave form: the glottis starts to open before the start of chest motion and rapidly reaches maximum dilatation, which is then maintained throughout the I phase; further, some dilatation continues even into the E phase (cf. Fig. 5 in ref, 3) (Fig. 2 in ref. 2) closely resembles in shape the wave form of whole-nerve Lar discharge (Fig. 1, this paper) .
The earlier excitation of Lar than of Phr-driving neurons could be caused by u) lower firing thresholds, or 6) earlier and stronger depolarizing inputs. The timing of depolarizing drives to I neurons has been observed in intracellular recordings from thoracic I motoneurons (25) and from medullary I neurons (19a) ; these show that in the late E phase there is a slow depolarization which starts well before the onset of spike discharge.
Therefore The disinhibition of Lar activity by this occlusion is apparent almost from the start of the I phase. Activity starts to increase with little or no delay, and the plateaulike wave form of Lar activity is converted into an augmenting wave form (Fig. 5) . Thus, normally the vagal inhibitory effect on Lar neurons is operative throughout the I phase, and the effect seems to be a graded function of lung expansion.
The conversion to an augmenting pattern by occlusion suggests that during this test there is an appreciable degree of recruitment of previously silent "late" Lar neurons (2).
In contrast, the inhibitory effect of pulmonary stretch receptor input on Phr discharge operates in a discontinuous (triggerlike) f as Ion, with graded effects being of secondary h' importance. This is shown by the fact that occlusion produces no change in the shape of the Phr activity wave form for most or all of the I phase; the rate of increase of discharge (slope of wave form) remains the same, as also shown by the flatness of the occlusion-minus-control activity trace. Similar effects (no change of activity slope resulting from manipulation of vagal input) have been observed for individual phrenic fibers (19) and for medullary I neurons (10, 11).
Thus, pulmonary stretch receptor input seems to act in a triggerlike fashion by determining the level at which the Phr I burst ceases. The Phr I burst, once it starts, proceeds in a predetermined pattern which is not markedly affected by stretch receptor input. If this input is removed by occlusion, the effect is to allow the augmenting Phr discharge to continue for a longer time at the same rate of increase. Similar findings on the triggerlike action of stretch receptor input were obtained by Clark and von Euler (6), who found that termination of I by volume pulses occurred in an "all-or-none" manner, with the threshold depending on time of application during the I phase. A possible explanation for their results and those of the present paper is as follows: as the I phase progresses, pulmonary stretch receptor input gradually increases the activity of inhibitory interneurons, e.g., the RB neurons of the dorsal infrasolitary nucleus (1 I) ; but the activity of this group must rise to a critical level in order to produce shutoff of the Phrdriving neurons and of the whole I neuron population.
However, in addition there is a less prominent graded inhibitory effect of stretch receptor input on Phr neuron discharge.
It was observed that sometimes during occlusion at minimum lung volume there was a moderate increase of Phr activity during the last third of the time corresponding to the control I phase, as shown by a rise in slope of the occlusion-minus-control activity trace. Thus, in these cases some inhibition of Phr neuron discharge was normally occurring near the end of the control I phase. The observed changes may have arisen from actions on discharge of "'late" Phr neurons (16, ZZ), whose activity starts well after the onset of the Phr burst and which may have higher firing thresholds and be more susceptible to vagally mediated inhibition.
But this graded inhibitory action probably affects a relatively small fraction of the Phr motoneuron population, judging by the the occlusion-minus-control magnitude of the changes traces; the major portion in of the Phr population is shut off in a triggerlike manner at the cessation of the I phase.
The 
